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Spatial distribution of Atta laevigata (hymenoptera: formicidae) in 
forest ecosystems with mahogany in the Eastern Amazon 

Atta laevigata (Hymenoptera: Formicidae) is a leaf-cutter ant that heavily defoliates mahogany plantations (Swietenia macrophylla – Meliaceae). In this work, the spatial distribution of A. 
laevigata was confirmed in 1 ha plots of three forest ecosystems with 13-year-old mahogany in the Eastern Amazon, Brazil. The treatments were defined as Consortium (mahogany plantation 
with other Meliaceae species), Monoculture (mahogany plantation only) and Enrichment (secondary forest enriched with mahogany). The sampling effort involved 80 pitfall traps buried for 
48 h for treatment during eight rainy (January to June) and dry (July to December) periods over two years (2015 and 2016). All traps were georeferenced and analyzes were carried out using 
the SUFER 11.0 statistical software, which produced the kriging maps. Atta laevigata presented a clustered spatial distribution in all treatments with spatial dependence described by spherical 
and exponential models. The clusters were more concentrated at the edges of the plots than in the center, and open areas showed greater variation over time. Among the treatments, 
Monoculture had the smallest reach (13.7 m), with a minimum area of influence of A. laevigata of 589.65 m², while Consortium and Enrichment were considered equal minimums, with an 
area of influence of A. laevigata of 804.25 m². 

Palavras-chave: Leaf-cutting ants; Swietenia macrophylla; Geostatistics; Forest management. 

 

Distribuição espacial de Atta laevigata (hymenoptera: formicidae) 
em ecossistemas florestais com mogno na Amazônia Oriental 

Atta laevigata (Hymenoptera: Formicidae) é uma formiga cortadeira que desfolha fortemente as plantações de mogno (Swietenia macrophylla – Meliaceae). Neste trabalho, foi analisada a 
distribuição espacial de A. laevigata em parcelas de 1 ha de três ecossistemas florestais com mogno com 13 anos de idade na Amazônia oriental, Brasil. Os tratamentos foram definidos como 
Consórcio (plantação de mogno com outras espécies de Meliaceae), Monocultura (somente plantação de mogno) e Enriquecimento (floresta secundária enriquecida com mogno). O esforço 
amostral contou com 80 armadilhas de queda enterradas por 48 horas por tratamento durante oito períodos da estação chuvosa (janeiro-junho) e seca (julho-dezembro) ao longo de dois 
anos (2015 e 2016). Cada armadilha foi georreferenciada e as análises foram realizadas através do software estatístico SUFER 11.0, que produziu os mapas de krigagem. Atta laevigata 
apresentou distribuição espacial agrupada em todos os tratamentos com dependência espacial descrita por modelos esféricos e exponenciais. Os clusters estavam mais concentrados nas 
bordas das parcelas do que no centro, e nas áreas abertas apresentaram maior variação ao longo do tempo. Entre os tratamentos, o Monocultivo apresentou alcance mínimo (13,7 m), com 
área de influência mínima de A. laevigata de 589,65 m², enquanto Consórcio e Enriquecimento apresentaram mínimos iguais, com área de influência de A. laevigata de 804,25 m². 

Keywords: Formigas cortadeiras; Swietenia macrophylla; Geoestatística; Gestão florestal.  
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INTRODUCTION  
 

Atta laevigata Fr. Smith, 1858 (hymenoptera: formicidae) is a leaf-cutting ant that causes important 

damage in mahogany (Swietenia macrophylla King.; Meliaceae) plantations through defoliation. Mahogany 

is an economically important tree species with timber prices ranging from US$ 200 to eight hundred per cubic 

meter (SEFA, 2015). Its wood is indicated in the manufacture of luxury furniture, wainscoting, panels, 

decorative cut sheets and special plywood; in civil construction such as frames, cords, trimmings, shutters, 

blinds, baseboards, and floors. It is also used in the interior decoration of ships, sculptures, office supplies 

and carving pieces (SANTINI JUNIOR et al., 2021). 

Mahogany presents rapid growth, easy environmental adaptability, and good trunk shape (GROGAN 

et al., 2002) (OLIVEIRA et al., 2020). Individuals of mahogany are easily established in different planting 

arrangements such as homogeneous plantings, mixed plantings, and enrichment lines in different 

ecosystems such as primary forests, secondary forests, agroforestry systems, or in canopy gaps opened by 

human activities (CARVALHO, 2007). However, mahogany is in the status of endangered (CITES, 2019), hence 

De Oliveira et al. (2020), affirm that it is important to implement strategies for ex situ and in situ genetic 

conservation such as seed collection from selected seed trees and silvicultural treatments such as the 

enrichment planting and seedling tending in logging gaps (GOMES et al., 2019) (NEVES et al., 2019) 

(SCHWARTZ et al., 2017) (VIEIRA et al., 2018). 

Interactions between ants and plants are important to understand evolutionary processes of 

mutualistic associations (FARIAS et al., 2018). Ants are elements of many ecological interactions and have a 

critical role on plant species survivorship, including the germination behind trees when ants forage fruits, 

clean seeds, and disperse these seeds in anthills (OLIVEIRA et al., 1995) (PASSOS et al., 2003). Building nests 

and foraging are ant activities that influence the soil formation and the soil-plant relations. In this process, 

soil horizons are mixed, aerated, and enriched with nutrients (DIEHL-FLEIG, 1995). Many plant and animal 

species are protected by interactions with other organisms (SCHOWALTER, 2006), such leaf-cutting ants of 

the genera Atta and Acromyrmex, which cultivate fungi to feed their colonies (CURRIE, 2001). Leaf-cutting 

ants are considered important forest pests in different forest growth stages, since they cause considerable 

losses due to intensive and constant attacks (SANTOS et al., 2015). They can cause damage during any plant 

developmental stage, including cuttings in leaves, sprouts, fine twigs, and flowers, which are transported to 

underground nests, serving as substrate for symbiont fungi (CATALANI et al., 2020). Leaf-cutting ants’ control 

is an important variable considered in the productivity calculations of commercial tree plantations. Ants of 

the genus Atta consume 13-17% of the leaf biomass yearly produced by tree species in Cerrado, the Brazilian 

savannah (CHERRETT, 1989) (COSTA et al., 2008) (CALDATO et al., 2020). 

Geostatistical methods are used for population sampling and monitoring of leaf-cutting ants in 

planted forests (LASMAR et al., 2012) (SOARES et al., 2020), as they permit to identify in detail the most 

infested points of a given forest plot and control them more precisely (DELLA, 2011). Such methods have 

been successfully applied in eucalyptus plantations in the Atlantic Forest, Brazil (MENDONÇA, 2008). In the 
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Brazilian Amazon, geostatistical methods have been employed to evaluate spatial patterns of other 

economically relevant pests, as reported for Metamasius hemipterus (Coleoptera: Curculionidae), 

Opsiphanes invirae (Lepidoptera: Nymphalidae), and Rhynchophorus palmarum (Coleoptera: Curculionidae) 

in palm oil plantations (DIONISIO et al., 2015) (PINHO et al., 2016) (BRANDÃO et al., 2017). 

In this context, the objective of this work was to compare the spatial distribution of the leaf-cutting 

ant A. laevigata in forest ecosystems with mahogany through the use of geostatistical methods. 

 
METHODOLOGY 
 

Fieldwork was carried out in a commercial area for reforestation with mahogany in the eastern 

Amazon, municipality of Aurora do Pará, state of Pará, Brazil (2º10’00” S and 47º32’00” W; 50 m a.s.l.). The 

area belongs to the Brazilian company Tramontina S.A. Eight samplings were done: four collections in 2015 

(two in the rainy and two in the dry season) and other four collections in 2016 (again, two collections per 

season). 

According to the Köppen classification, the region’s climate is Aw, tropical humid, with annual 

average temperature of 25 °C, relative humidity of 85%, annual precipitation of 2,350 mm, and a dry season 

from July to December (IBGE, 2016). Soils are mainly Yellow Latosols with medium to clayey textures and 

lateritic concrete, quartz sand, and associated hydromorphic with alluvial soils near the Capim river (IBGE, 

2016). 

Three 1-ha plots representing three 13-year-old forest ecosystems with mahogany far at least 1,000 

m each other were established. The three treatments, named Consortium, Monoculture, and Enrichment, 

are described below: 

a) Consortium: Mahogany planting (planting spacing of 3 m x 3 m = 1,111 trees/ha) associated with 

other Meliaceae species such as Australian cedar (Toona ciliata) (planting spacing of 4 m x 4 m = 625 

trees/ha), African mahogany (Khaya grandifoliola) (planting spacing of 4 m x 4 m = 625 trees/ha), and neem 

(Azadirachta indica) (planting spacing of 5 m x 5 m = 400 trees/ha). Location: 02º16’07” S; 47º58’04” W. 

b) Monoculture: Mahogany planting, only (planting spacing of 3 m x 3 m = 1,111 tree/ha). Location: 

02º17’09” S; 47º57’06” W. 

c) Enrichment: 7-year-old secondary forest enriched with mahogany (planting spacing of 3 m x 3 m = 

400 trees/ha). By the time of data collection, the enrichment planting was 13 years old while the secondary 

forest was 20 years old. The ten most common tree species in the sampled forest were: Casearia arborea 

(Salicaceae), Tapirira guianensis (Anacardiaceae), Abarema cochleata (Fabaceae), Lecythis lurida 

(Lecythidaceae), Sapindus saponaria (Sapindaceae), Myrcia deflexa (Myrtaceae), Vismia guianensis 

(Hypericaceae), Connarus perrottetii (Connaraceae), Mabea angustifolia (Euphorbiaceae), and Cordia 

exaltata (Boraginaceae). Location: 02º16’12” S; 47º59’01” W. 

Leaf-cutting ants were sampled through pitfall traps in 500-ml plastic recipients. Each trap was buried 

in the soil and filled with 300 ml of alcohol-70% and added by few drops of detergent. Traps remained in the 

field for 48 h. The sampling method followed the Ants of the Leaf Litter protocol, where twenty traps per 
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hectare are sufficient to sample 70% of the ant species associated with soil in each area (AGOSTI et al., 2000). 

Each 1-ha plot was divided in four 50 x 50 m (2,500 m2) sub-plots to attain better spatial distribution of traps 

inside the sampling area. Eighty traps per treatment (20 per sub-plot) were established with distances not 

shorter than 10 m among them. Every trap was considered as a sampling unit, with eighty units per treatment 

with 240 traps in total. The collected ants were identified at the species level, using a stereoscopic microscope 

with a 40-fold magnification as well as dichotomous keys (TRIPLEHORN et al., 2011) (RAFAEL et al., 2012). 

To analyze the spatial distribution of Atta laevigata in the forest ecosystems, a geostatistical method 

was used where the semivariogram modeling came as the first step (SILVA et al., 2011). Every trap was geo-

referenced, and the values were analyzed with the statistical software SUFER 11.0 (GOLDEN SOFTWARE, 

2012). Maps of A. laevigata occurrence and spatial distribution were built using the kriging interpolation 

method (VIEIRA et al., 1983). 

The semivariograms that show the kind and shape of the spatial dependence were adjusted through 

the construction of a semivariance model, described by the equation: 

Y^* (h)=1/(2N(h)) ∑_(i=1) ^(N(h)) ▒〖[Z(Xi)-(Xi+h)] ^2 〗 

where, γ (h) is the semivariance;  

N (h) number of insect pair observations [Z (i); Z(xi+h)] separated by the distance h. 

After that, data were adjusted to the spherical, exponential, Gaussian, and power semivariogram 

models. In this study, the spherical adjusted semivariogram model was described according to the following 

equations: 

y(h)=C_0+C_1 [3/2 (h/a)-1/2 (h/a) ^3],                                                          0 < h < a 

y(h)=C_0+C_1,                                                                                         h ≥ a 

The parameters referring to the semivariogram were threshold (C0 + C1), the nugget effect (C0), and 

the reach (a). Threshold consists in the semivariogram value corresponding to its range, that is, from a given 

point onwards there is no more spatial dependence between samples. The nugget effect is the semi-variance 

at close points, when the distances between the sample units are very small, and range measures the limit 

distance of spatial dependence. Thus, the kriging maps were built using the spatial dependence modeled in 

the semivariogram and estimated values in any position of the field without trends and with minimal 

variance. This permits to follow the variable behavior in the study through contour lines, scale bars, and 

surface maps. To classify spatial dependence, the method described by Cambardella et al. (1994) was applied. 

The method considers strong spatial dependence of the semivariogram with the nugget effect less than 25% 

of the threshold, moderate dependence between 25% and 75%, and weak dependence with value greater 

than 75%. 

 
RESULTS 
 

A total of 80,154 individuals of Atta laevigata were identified in the different ecosystems. Among the 

three areas evaluated, 25,855 individuals were collected in the consortium ecosystem, 27,688 in the 

monoculture, and 26,611 in the enriched secondary forest. Highest densities of individuals increased in the 
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second year, in both assessed periods, where the monoculture in the dry season (October) reached the 

largest number of insects (Figure 1). 

 
Figure 1: Population variation of the leaf-cutting ant Atta laevigata sampled through pitfall traps in three forest 

ecosystems (consortium, monoculture, and enrichment) with mahogany (Swietenia macrophylla) in eastern Amazon, 
Brazil. 

 
In the treatments Consortium and Enrichment, the best fitted model to the population of A. laevigata 

was the spherical, indicating a clustered spatial distribution (Figure 2 and Figure 4). The spherical model was 

also the best fit model in most of the analyzed periods of the treatment Monoculture, followed by the 

exponential model (Figure 3). 

 

 
Figure 2: Adjusted semivariograms to the space models of the leaf-cutting ant Atta laevigata spatial distribution in the 
treatment Consortium of a forest ecosystem with mahogany (Swietenia macrophylla) during the periods of Feb/15 (A), 

May/15 (B), Jul/15 (C), Oct/15 (D), Feb/16 (E), May/16 (F), Jul/16 (G), and Oct/16 (H) in the eastern Amazon, Brazil. 
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Figure 3: Adjusted semivariograms to the space models of the leaf-cutting ant Atta laevigata spatial distribution in the 
treatment Monoculture of a forest ecosystem with mahogany (Swietenia macrophylla) during the periods of Feb/15 

(I), May/15 (J), Jul/15 (K), Oct/15 (L), Feb/16 (M), May/16 (N), Jul/16 (O), and Oct/16 (P) in the eastern Amazon, Brazil. 
 

 
Figure 4: Adjusted semivariograms to the space models of the leaf-cutting ant Atta laevigata spatial distribution in the 
treatment Enrichment of a forest ecosystem with mahogany (Swietenia macrophylla) during the periods of Feb/15 (Q), 

May/15 (R), Jul/15 (S), Oct/15 (T), Feb/16 (U), May/16 (V), Jul/16 (X), and Oct/16 (Z) in the eastern Amazon, Brazil. 
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Determination coefficient (R²) values of the adjusted models of the analyzed variables varied from 

0.915 to 0.999 for the adjustments of the semivariogram models described by the spherical and exponential 

models. This indicates spatial dependence in the sampled population of A. laevigata (Table 1). From all 

analyzed periods and treatments tested in mathematical models adjusted, only one fitted the exponential 

model, all the others fitted the spherical model. The degrees of spatial dependence (DSP) (parameter k) of 

the semivariogram models ranged from 0.000 to 0.593, indicating spatial dependence from strong (DSP<0.25) 

to moderate (0.25 < DSP <0.75). Overall, the models presented low range and high values regarding the 

nugget effect. The difference between these two parameters explains the high values of spatial dependence. 

Ranges (a) of the selected models varied from 16.0 m (Oct/2015) to 32.0 m (Oct/2016) in Consortium, while 

in Monoculture they varied from 13.7 m (May/2015) to 47 m (Oct/2015), presenting the largest calculated 

ranges. Enrichment had the lowest range, varying from 16.0 m (Oct/2015) to 25.5 m (Oct/2016). The highest 

densities occurred in Consortium and Monoculture (Fig 5, 6, and 7), which had lower plant diversity. 

 
Table 1: Adjusted semivariograms parameters to the spherical model, exponential model, nugget effect (C0), sill (C1), 
range in meters (a), determination coefficient (R²), and degree of spatial dependence (K), for geostatistical analysis of 
the spatial distribution of the leaf-cutting ant Atta laevigata in forest ecosystems with mahogany (Swietenia 
macrophylla) in the eastern Amazon, Brazil. 

Treat. Period 
Parameters 

Areaa (m²) Model R²b Kc Spatial Dependence 
C0 C1 a (m) 

Co
ns

or
tiu

m
 

Feb/2015 0 455 24.0 1809.56 Spherical 0.980 0.000 Strong 
May/2015 120 388 27.0 2290.22 Spherical 0.988 0.236 Strong 
Jul/2015 320 615 23.0 1661.90 Spherical 0.984 0.342 Moderate 
Oct/2015 100 1080 16.0 804.25 Spherical 0.963 0.085 Strong 
Feb/2016 365 452 29.0 2642.08 Spherical 0.975 0.447 Moderate 
May/2016 500 985 24.5 1885.74 Spherical 0.989 0.337 Moderate 
Jul/2016 235 455 26.0 2123.71 Spherical 0.989 0.341 Moderate 
Oct/2016 350 585 32.0 3216.99 Spherical 0.993 0.374 Moderate 

M
on

oc
ul

tu
re

 

Feb/2015 240 165 24.5 1885.74 Spherical 0.970 0.593 Moderate 
May/2015 0 365 13.7 589.65 Exponential 0.999 0.000 Strong 
Jul/2015 136 368 45.0 6361.72 Spherical 0.999 0.270 Moderate 
Oct/2015 290 230 47.0 6939.77 Spherical 0.995 0.558 Moderate 
Feb/2016 250 770 40.0 5026.54 Spherical 0.943 0.245 Strong 
May/2016 150 1010 25.5 2042.82 Spherical 0.990 0.129 Strong 
Jul/2016 190 1040 25.5 2042.82 Spherical 0.985 0.154 Strong 
Oct/2016 490 1340 33.0 3421.19 Spherical 0.994 0.268 Moderate 

En
ric

hm
en

t 

Feb/2015 0 440 20.0 1256.64 Spherical 0.937 0.000 Strong 
May/2015 0 303 20.0 1256.64 Spherical 0.974 0.000 Strong 
Jul/2015 0 355 16.7 876.16 Spherical 0.970 0.000 Strong 
Oct/2015 0 318 16.0 804.25 Spherical 0.915 0.000 Strong 
Feb/2016 0 1285 22.0 1520.53 Spherical 0.963 0.000 Strong 
May/2016 165 865 20.2 1281.89 Spherical 0.982 0.160 Strong 
Jul/2016 0 970 17.7 984.23 Spherical 0.948 0.000 Strong 
Oct/2016 0 1095 25.5 2042.82 Spherical 0.950 0.000 Strong 

a: Calculated area by the formula πr² b: Values close to “1” indicate good fit c: Relation of C0∕ (C0 + C1) 
 

Most of the clusters were related to the location of the forest ecosystems evaluated. The kriging 

maps indicated a clustered spatial distribution of A. laevigata, where density variation is showed by different 

colors in the kriging maps. Dark green to red indicate respectively, the smallest to the largest ant densities, 

where quantities are represented through contour lines and scale bars (Figure 5, Figure 6, and Figure 7). 

When considered all periods and treatments assessed, the clusters placed in open areas tended to vary over 

time. The minimum range found for Monoculture was 13.7 m, with a minimum ant influence area of 589.65 

m², while Consortium and Enrichment reached equal minimums, with an ant influence area of 804.25 m². 
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Figure 5: Kriging maps of the leaf-cutting ant Atta laevigata spatial distribution in the treatment Consortium of a 

forest ecosystem with mahogany (Swietenia macrophylla) during the periods of Feb/15 (A), May/15 (B), Jul/15 (C), 
Oct/15 (D), Feb/16 (E), May/16 (F), Jul/16 (G), and Oct/16 (H) in the eastern Amazon, Brazil. 

 

 
Figure 6: Kriging maps of the leaf-cutting ant Atta laevigata spatial distribution in the treatment Monoculture of a 
forest ecosystem with mahogany (Swietenia macrophylla) during the periods of Feb/15 (I), May/15 (J), Jul/15 (K), 

Oct/15 (L), Feb/16 (M), May/16 (N), Jul/16 (O), and Oct/16 (P) in the eastern Amazon, Brazil. 
 

 
Figure 7: Kriging maps of the leaf-cutting ant Atta laevigata space distribution in the treatment Enrichment of a forest 

ecosystem with mahogany (Swietenia macrophylla) during the periods of Feb/15 (Q), May/15 (R), Jul/15 (S), Oct/15 
(T), Feb/16 (U), May/16 (V), Jul/16 (X), and Oct/16 (Z) in the eastern Amazon, Brazil. 
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DISCUSSION 
 

During the rainiest months of the first year, ant densities were higher, probably due to behavioral 

changes in response to direct mechanic effects caused by precipitation (FARIAS et al., 2018). Foraging ants 

have their activities directly affected by raindrops (SUJIMOTO et al., 2019). Leaf-cutting ants can foresee 

adverse weather conditions, detecting changes in the atmospheric pressure. Decreases in the atmospheric 

pressure are indirectly related to higher probabilities of rain and strong winds. Once detecting such pressure 

decreases, leaf-cutting ants respond with higher efficiency on the individual activity. On the other hand, 

increases in the atmospheric pressure indicate higher chances of sunlight and dry weather, which results in 

lower potential of the ants foraging (SUJIMOTO et al., 2019). 

Nests of A. laevigata are built in both sunny and shaded places, surrounded by foraging trails. These 

trails (chemical and physical paths) have no vegetation or other obstacles, they link supply holes to the 

attacked plants and promote massive recruitment of worker ants to attack other plants (DELLA, 2011). 

Furthermore, A. laevigata prefers dry or withered leaves, since these leaves maintain nutrients with reduced 

amounts of repelling substances (VASCONCELOS et al., 1996). 

Regarding the best fitted model to the population of A. laevigata, the spherical, indicating a clustered 

spatial distribution in the treatments Consortium and Enrichment, they presented the best fit in studies with 

insects’ spatial distribution (FARIAS et al., 2004) (DINARDO-MIRANDA et al., 2010) (FARIAS et al., 2018). 

Mendonça (2008) showed that the spatial dependence between leaf-cutting ant nests in eucalyptus 

in the Atlantic Forest reached 35 m, with a clustered spatial distribution of the nests under distances lesser 

than 35 m. However, in distances longer than 35 m, the spatial distribution becomes random. The spatial 

distribution maps presented different patterns of A. laevigata densities in all ecosystems, where the lowest 

densities occurred in Enrichment. The lowest density in Enrichment was probably due to the 20-year-old 

secondary forest and 13-year-old mahogany planting that presented great plant diversity and consequent 

more species diversity of ants and lower incidence of A. laevigata. 

The clustered spatial distribution of anthills can be related to the micro-habitats’ distribution, 

mutualistic interactions, environmental heterogeneity, or by ramifications of the mother colony when in the 

nesting stage (DIEHL-FLEIG, 1995) (CALDATO et al., 2020). Another possible cause behind nest aggregation is 

the edge effect, since it provides better light conditions and more palatable plants than under the forest 

canopy (BRESHEARS et al., 1998). In commercial eucalyptus plantations, there is a decrease in the number of 

Atta colonies from the edge to the plot center, which results in larger nests concentration in the plot edges 

(SOSSAI et al., 2005). 

There are differences between ant nests and surrounding soil in physical, chemical, and biological 

parameters. Ants may affect certain soil parameters in different ways under different conditions, as 

increasing pH in acidic soil and decreasing pH in alkaline soil (DLUSSKIJ, 1967) (FROUZ et al., 2003).  

Malozemova et al. (1973), found that Formica polyctena and Formica lugubris shift pH from acidic to 

neutral values more intensively than Formica pratensis. Measuring soil nutrient content (exchangeable P, N, 
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K, and pH) and the tree growth in ecosystems with mature spruce trees of Norway at four distances from the 

nearest ant hill (0-1, 3-5, 10-50 and > 200 m). Frouz et al. (2008), founded that soil nutrients and soil pH were 

higher near ant nests (< 5 m) also having the second highest growth rates, in which they believe that trees 

may having access to a larger supply of soil nutrients near ant nests. Brazilian mahogany does not tolerate 

acidic soils and that it is highly dependent on calcium for increased production (DOLÁCIO et al., 2021). So, 

does the proximity of the A. laevigata ant hills influence the growth of mahogany in different ecosystems? 

Results of geostatistical methods allied to growth rates by distances of ant hills could mitigate why certain 

trees grow faster than others as described in papers of Meliaceae trees under silvicultural treatments in 

different ecosystems (LOPES et al., 2008) (NEVES et al., 2019) (VIEIRA et al., 2018). 

 
CONCLUSIONS 
 

Our results show that Atta laevigata presented a clustered spatial distribution, which was observed 

in all three treatments. The spatial distribution of t A. laevigata is explained by spatial dependence described 

by spherical and exponential models. Clusters were more concentrated in plots edges than in the center, and 

in open areas clusters showed more variation over time. Regarding the treatments, Monoculture presented 

the minimum range (13.7 m), with the minimum A. laevigata influence area of 589.65 m², and Consortium 

and Enrichment had equal minimums, with an A. laevigata influence area of 804.25 m². 
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